
SPECIFICATION 
Rotating Angle Detector and Apparatus thereof 
[Technical Field] 
The present invention relates to a rotating angle detector 
for detecting the rotating position of a rotor and an apparatus 
thereof . 

[Background Art] 

Conventionally, there has been a rotating angle detector 
for detecting the rotating position of a rotor as shown in Fig, 
4. Fig. 4 is a perspective view showing the structure of the 
rotating angle detector . In Fig. 4, 1 denotes a rotor, 2 denotes 
a permanent magnet, 3 denotes a stator, and 4 denotes a magnetic 
sensor. The permanent magnet 2 is fixed to the rotor 1 and the 
magnetic sensor 4 is provided on the stator 3 in a peripheral 
portion thereof to be opposed to the permanent magnet 2 through 
a gap. The permanent magnet 2 is magnetized in one direction 
perpendicularly to an axial direction as shown in an arrow by 
using a linear magnetic anisotropicmagnet . The magnetic sensor 
4 is provided in such a manner that each difference in mechanical 
phase angle is set to be 90 degrees. As a result, it is possible 
to obtain a sine wave and a cosine wave every rotation of the 
rotor 1. In the case in which the differential signals of the 
sine wave and the cosine wave are required, four magnetic sensors 
41, 42, 43, and 4 4 are provided around the permanent magnet 2 
to carry out a detection. 

Referring to the detecting method of the magnetic sensor, 
description will be given to an example in which a hall unit 
is used. Fig. 5 is an explanatory view showing the detection 
principle of the magnetic one. The hall sensor is formed by 
a compound semiconductor such as GaAs, InSb or InAs, and output 
terminals 5a and 5b and input current terminals 6a and 6b are 
attached to a magnetic sensing section having a thickness d. 
An input current I c is caused to flow to the input current terminals 
6a and 6b so that a potential difference V H between the output 
terminals 5a and 5b is changed corresponding to a variation of 
magnetic flux B in magnetic sensors. In the structure shown 
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in Fig- 4, four magnetic sensors are provided. Therefore, a 
wiring shown in Fig. 6 is obtained. Fig. 6 is a typical diagram 
showing the wiring in the structure of Fig. 4. In Fig. 6, 5 
denotes a magnetic sensor terminal, 6 denotes an input current 
terminal and 10 denotes a rotation detector. Four wirings are 
required for each magnetic sensor and 16 signal lines in total 
are connected. A rotating angle can be detected by calculating 
a signal sent from the magnetic sensor by means of an angle 
calculator which is not shown . Referring to a calculating method, 
a rotating angle 6 can be calculated as Q = arctan (Va/Vb) , 
wherein a differential voltage output of two outputs having a 
diagonal relationship in the four magnetic sensor outputs is 
represented by Va and a differential voltage output of other 
magnetic sensors is represented by Vb, for example. 

In the conventional art, however, 16 signal lines are 
required for a rotation detector unit. In the case in which 
a plurality of rotating angle detectors such as articulated 
robots are used at the same time or are small- si zed, particularly, 
a friction in a motion is caused so that there is a problem in 
that a working efficiency is reduced. 

[Disclosure of the Invention] 

Therefore, it is an object of the invention to provide 
a small-sized rotating angle detector which can have a high 
productivity by devising the wiring of an input current terminal 
and mounting an operational amplifier, and an apparatus thereof . 

In order to attain the object, the invention provides a 
rotating angle detector comprising magnetic field generating 
means for rotating integrally with a detected member and 
uniformly generating a magnetic field in one direction 
perpendicularly to a rotating axis in a stationary state, and 
at least two magnetic sensors provided to generate one sine wave 
for one rotation of the magnetic field generating means 
respectively, wherein an input current terminal of the magnetic 
sensor is connected in series. 

Moreover, at least two signal differential amplifying 
means may be arranged on a substrate provided with the magnetic 
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sensor and there may be provided a circuit wiring in which an 
output sent from each of the magnetic sensors passes through 
the signal differential amplifying means. 

Furthermore, in a rotating angle detecting apparatus 
provided with a plurality of rotating angle detectors comprising 
magnetic field generating means for rotating integrally with 
a detected member and uniformly generating a magnetic field in 
one direction perpendicularly to a rotating axis in a stationary 
state, and at least two magnetic sensors provided to generate 
one sine wave for one rotation of the magnetic field generating 
means respectively, all input current terminals of the magnetic 
sensor are connected in series. 

In addition, there may be provided a waveform processing 
apparatus for converting a signal obtained from the magnetic 
sensor into angular information and positional information. 

As described above, according to the invention, the input 
current path of the magnetic sensor is connected in series, and 
furthermore, the output signal is differentially amplified and 
synthesized. Consequently, there can be produced an advantage 
that the number of the wirings of the rotating angle detector 
canbe decreasedconsiderably, andat the same time, it is possible 
to obtain a rotating angle detector capable of having a high 
efficient workability also in the case in which a plurality of 
rotating angle detectors are used or are small-sized. 
[Brief Description of the Drawings] 

Fig. 1 is a wiring diagram showing a magnetic sensor 
according to a first embodiment of the invention. Fig. 2 is a 
wiring diagram showing a magnetic sensor according to a second 
embodiment of the invention. Fig. 3 is a wiring diagram showing 
amagnetic sensor according to a third embodiment of the invention. 
Fig. 4 is a perspective view showing a rotating angle detector. 
Fig. 5 is a perspective view showing the detection principle 
of the magnetic sensor. Fig. 6 is a wiring diagram showing a 
conventional magnetic sensor. 

[Best Mode of Carrying Out the Invention] 

Embodiments of the invention will be described below in 
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detail with reference to the drawings. 
(First Embodiment) 

Fig. 1 is a wiring diagram showing a magnetic sensor 
according to a first embodiment of the invention. A whole 
structure according to the embodiment is the same as that in 
Fig. 4. In Fig. 1, 41, 42, 43 and 44 denote a magnetic sensor, 
51, 52, 53 and 54 denote a magnetic field detecting terminal 
of the magnetic sensor, 61, 62, 63 and 64 denote an input current 
terminal of the magnetic sensor, 601 and 602 denote an input 
current path, and 10 denotes a rotating angle detector. 

Each magnetic sensor uses a hall element. When an input 
current is caused to flow between i H and i L terminals of each 
hall element, a voltage is generated between V H and V L terminals 
according to the intensity of an external magnetic field. 
Therefore, the i L terminal of the input current terminal 61 of 
the magnetic sensor 41 and the i H terminal of the input current 
terminal 62 of the magnetic sensor 42, the i L terminal of the 
input current terminal 62 and the i H terminal of the input current 
terminal 63, and the i L terminal of the input current terminal 
63 and the i H terminal of the input current terminal 64 are 
connected, respectively. The i H terminal of the input current 
terminal 61 is connected to the input current path 601 and the 
i L terminal of the input current terminal 64 is connected to 
the input current path 602. A plurality of hall elements have 
input current terminals connected in series. 

Thus, the total number of wirings required for the rotating 
angle detector 10 is ten, that is, the number of the input current 
terminals is two and the number of the V H and V L terminals of 
each magnetic sensor is eight, which is much smaller than sixteen 
in the conventional art. 
(Second Embodiment) 

Fig. 2 is a wiring diagram showing a magnetic sensor 
according to a second embodiment of the invention. In Fig. 2, 
601 and 602 denote an input current path, 71, 72, 73, 74, 75 
and 76 denote signal differential amplifying means (hereinafter 
referred to as an operational amplifier) , 8 denotes a ground 



line, 91 and 92 denote a final output of the operational amplifier, 
and 10 denotes a rotating angle detector. In the same manner 
as in the first embodiment, an i H terminal of an input current 
terminal 61 is connected to the input current path 601 and an 
i L terminal of an input current terminal 64 is connected to the 
input current path 602. 

Description will be given to an operating method in which 
six operational amplifiers are provided. The operational 
amplifiers 71, 72, 73, 74, 75 and 76 are provided on the same 
substrate as magnetic sensors 41, 42, 43 and 44, and the signals 
of the output terminals V H and V L of each magnetic sensor are 
differentially amplified by using the operational amplifiers 
71, 72, 73 and 74. 

In the case in which an angle (a position) with high 
precision is to be detected, furthermore, an inphase noise and 
a harmonic distortion in detected signals adversely effect the 
precision in the angle (the position) . In order to remove the 
inphase noise and the harmonic distortion, therefore, the output 
91 having an Ai phase and an output 93 having an A 2 phase are 
further amplified differentially to be the final output 91 by 
using the operational amplifiers 75 and 7 6, and the Biphase 
output 92 and a B 2 ~phase output 94 are differentially amplified. 
By such a structure, the number of signal lines sent from the 
rotating angle detector 10 can be decreased from sixteen in the 
conventional art to five. Thus, the wiring can be more saved 
than that in the first embodiment. 
(Third Embodiment) 

Fig. 3 is a wiring diagram showing a magnetic sensor 
according to a third embodiment of the invention. In Fig. 3, 
61 to 66 denote an input current terminal of a magnetic sensor 
of each rotating angle detector 10, 601 to 606 denote an input 
current path for connecting the input current terminals, and 
10a, 10b and 10c denote a rotating angle detector. 

There are provided magnetic field generating means, a 
magnetic sensor and a bearing for supporting the magnetic field 
generating means which are not shown. An i H terminal of the 



5 



input current terminal of each rotation detector is represented 
as 61, 63 and 65, and an i L terminal is represented as 62, 64 
and 66. The i L terminals and the i L terminals, for example, 62 
and 63, and 64 and 65 are connected to each other. Consequently, 
a plurality of rotating angle detectors can be connected in 
series . 

In some cases in which constant voltage driving is carried 
out, the value of a current flowing to each rotation detector 
is changed. In these cases, it is also possible to supply a 
predetermined current value to each detector by using a constant 
current circuit. 

As a result, two wirings for an input current can also 
be provided in a rotating angle detecting apparatus having a 
plurality of rotating angle detectors. 

While the description has been given by using the hall 
element as the magnetic sensor, moreover, it is also possible 
to obtain the same advantages by using a magnetro-reluctance 
effect element. Therefore, the invention includes the case in 
which the magnetro-reluctance effect element is used as the 
magnetic sensor. 

Furthermore, the rotating angle detector may be provided 
with a waveform processing apparatus for converting a signal 
obtained from the magnetic sensor into angular information and 
positional information . 

[Industrial Applicability] 

As described above, according to the invention, the input 
current path of a magnetic sensor is connected in series, and 
furthermore, an output signal is differentially amplified and 
synthesized. Therefore, there canbe produced an advantage that 
the number of the wirings of the rotating angle detector can 
be decreased considerably, and at the same time, it is possible 
to obtain a rotating angle detector capable of having a high 
efficient workability also in the case in which a plurality of 
rotating angle detectors are used or are small-sized. 
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